Leaf rust (Puccinia triticina) is a major biotic stress affecting wheat yields worldwide.
Ten-day-old seedlings were inoculated by spraying with hand sprayer and incubated for 91 48 h in a humid glass chamber. After incubation, the seedlings were shifted to greenhouse 92 benches at temperatures ranging between 20 and 25 ⁰C under ambient light and relative humidity 93 conditions. Later, the individual seedlings were scored for the leaf rust reaction (infection type) 94 at 12 days after inoculation using the 0-4 scale as described by Stakman et al. (1962) . 95 Meiotic analysis in pollen mother cells (PMCs) 96 Cytological analysis of parents, F 1 and F 2 plants was carried out during meiotic 97 metaphase I of Pollen Mother Cells (PMCs). Anthers were collected from young spikes before 98 ear emergence at boot stage. One anther each from a floret was stained with 2 per cent 99 acetocarmine. If meiotic metaphase I stage was detected, remaining two anthers were fixed in 3:1 100 fixative (Carnoy's fluid: 3 parts absolute ethanol and 1 part glacial acetic acid). The fixed anthers 101 were hydrolyzed in 1N HCl at 60°C for 12 minutes. After draining 1N HCl, anthers were stained 102 in Feulgen for minimum of 30 minutes. Slides were prepared by squashing anthers in a drop of 2 103 per cent acetocarmine. Photos of chromosomal configurations were taken using Nikon D r a f t 6 Fertile pollen grains stained black and sterile ones appeared yellow or transparent. The pollen D r a f t 7 (3.5 %) was used to resolve the amplified PCR products in 1X TBE buffer and they were 134 visualized by ethidium bromide staining. 135 Bulked segregant analysis 136 Bulked segregant analysis (Michelmore et al. 1991 ) was employed to identify SSR 137 markers linked to the leaf rust resistance gene. Equal amount of DNA from 10 resistant and 10 138 susceptible F 2 plants was pooled to constitute the contrasting resistant and susceptible bulks, 139 respectively. The resistant and susceptible bulks along with parents were tested with 140 polymorphic SSR markers to identify putatively linked SSR markers.
141

Linkage analysis 142
The putative markers identified in BSA were used to genotype the entire F 2 population to 143 determine the number of recombinants produced by each marker. Linkage analysis was done 144 using the software MAPMAKER version 3.0 (Lander et al. 1987) . The recombination 145 frequencies were converted to map distances in centimorgan (cM) using the option of Kosambi 146 function in the software (Kosambi 1943) .
147
Statistical analysis 148
The segregation ratios in F 2 were subjected to Chi square (χ 2 ) analysis to test the 149 goodness of fit to the theoretically expected Mendelian segregation ratios using the formula χ 2 = 
Results
153
Screening for leaf rust resistance D r a f t 8 Sel.2427 was resistant to all the 25 leaf rust races used in the study with infection type 155 (IT) ranging from '0;' to '2 + ' against different races. In contrast, Agra Local was found 156 susceptible (ITs '3' to '3+') to all the races. The second genotype used as susceptible parent in D r a f t 9 besides presence of an isochromosome. One or two univalents were observed in 18 PMCs (Fig. 178 2b, d, e, f); quadrivalent in 13 PMCs (Fig. 2c, d) ; and a trivalent in four PMCs (Fig. 2f ). Ten
179
PMCs carried an isochromosome also. (Fig. 2d , e) (Table: 2). In Sel.2427, the number of 180 bivalents ranged from 16 to 21 with an average of 20.66 ± 0.06 bivalents per PMC. Univalents, 181 trivalent and quadrivalent were observed at low frequency with an average of 0.18±0.04 (range 182 0-2), 0.03±0.013 (range 0-1) and 0.09±0.02 (range 0-1) per PMC, respectively. The number of 183 isochromosomes per PMC varied from 0 to 1 with an average of 0.07±0.02 (Table: 3). When Sel.
184
2427 was crossed to bread wheat lines Agra Local and NI5439, there was a drastic reduction in 185 the frequency of PMCs with 21 II . Out of 61 PMCs analyzed in different F 1 (Sel. 2427 X Agra 186 Local) plants, perfect 21 bivalents were observed in only five PMCs while 52 PMCs had one to 187 eight univalent(s) ( Fig. 3a -f). One quadrivalent was observed in four PMCs (Fig. 3f ) and a 188 trivalent in three PMCs (Fig. 3d, e ). An isochromosome was also found in four PMCs (Table: 2). PMCs one trivalent ( Fig. 3d, e ). Five PMCs also showed presence of one isochromosome (Table: 197 2). The number of bivalents per PMC ranged from 17 to 21 with an average of 19.68±0.09 while 198 univalents varied from 0 to 8 with an average of 2.22±0.17. The frequency of trivalent and D r a f t 10 quadrivalent was low with an average of 0.02±0.02 and 0.07±0.03, respectively.
200
Isochromosomes (0 to 1) were observed with an average of 0.06±0.03 per PMC (Table: 3).
201
Cytological analysis was also carried out in nine randomly selected F 2 plants. The 202 cytological behavior of three F 2 plants was similar to Sel.2427 in the sense that the number of 203 PMCs with 21 II (Fig. 4a ) was high with occasional appearance of univalents, trivalents and 204 isochromosomes ( Table: 2). In four plants, the number of PMCs with 21 II was low with higher 205 frequency of PMCs with 1-8 univalents ( Fig. 4c , d, f). Other cytological configurations like 206 isochromosome ( Fig. 4d ) and quadrivalent ( Fig. 4e ) were also observed. In one F 2 plant, a 207 monosomic chromosome number with 2n=41 was observed, indicating loss of a chromosome. In 208 all the 19 PMCs of this plant which were analysed, the configuration of 20 II + 1 I was consistent 209 (Fig. 4b ). In case of the last F 2 plant, not a single PMC with 21 II was observed. It showed a 210 higher frequency of PMCs with univalents ranging from 2 to 6 and occasional appearance of a 211 quadrivalent ( Fig. 4e ). Overall, in the F 2 generation the number of bivalents per PMC ranged 212 from 16 to 21 with an average of 20.18±0.08 while univalents ranged from 0 to 6 with an 213 average of 1.27±0.13. Trivalent and quadrivalent varied from 0 to 1 with an average of 214 0.01±0.01and 0.04±0.02, respectively. The number of isochromosomes ranged from 0 to 1 with 215 an average of 0.04±0.02 (Table: 3). (Table: 4 ). Average seed set per spike was also low 223 ranging from 2.00 to 9.92 with a mean value of 6.30 (Table: 4 ). Even though maximum pollen 224 fertility of 73.46 per cent was observed it did not correspond to a higher seed set. The F 1 plants 225 showed high levels of sterility irrespective of the maternal or paternal origin of Sel.2427, thus, 226 ruling out reciprocal differences. Plants of two F 2 populations (Agra Local/Sel.2427 and NI 227 5439/Sel.2427) also showed wide variation in pollen fertility and seed set per spike (Supplc). Ae. cylindrica carry weak gametocidal genes (Endo 1990) . If a single gene is responsible for gametocidal 317 activity in Sel.2427, heterozygosity will lead to death of almost half of the gametes lacking 'Gc' in male 318 and female counterparts due to strong gametocidal action. In that case when F 1 is selfed it will result only 319 in plants which are homozygous for Gc gene and the variation of pollen fertility and seed set per spike in 320 F 2 population would have been nominal. But here the F 2 population exhibits wide variation in both 321 traits indicating involvement of more than one gene. The skewed frequency distribution in F 2 322 population implies that the concerned gene(s) have major effects ( Figure 5 ).
323
Nevertheless, the fact that leaf rust resistance gene in Sel.2427 segregated in normal 3:1 324 ratio suggests that it is independently assorting and not linked to the putative Gc gene(s). Multiple D r a f t D r a f t 
